Introduction {#sec1_1}
============

Frontotemporal dementia (FTD) is one of the leading causes of young-onset dementia in individuals \<65 years of age \[[@B1]\]. This neurodegenerative condition was first clinically defined by the Lund and Manchester groups \[[@B2]\] in 1994, and subsequently revised by Neary et al. \[cited in \[[@B3]\]\]. The latest diagnostic recommendations for the behavioral and language variants of FTD were recently published by Rascovsky et al. \[[@B4]\] and Gorno-Tempini et al. \[[@B5]\].

Currently, the term 'FTD' refers to the clinical syndromes of behavioral variant FTD (bv-FTD) and language variant FTD (lv-FTD). The lv-FTD is further subdivided into progressive non-fluent aphasia (PNFA) and semantic dementia (SD). Ultimately, behavioral and language symptoms often overlap in later stages of the disease \[[@B6]\]. There is also an overlap of FTD with motor disorders, namely the corticobasal syndrome, progressive supranuclear palsy, and motor neuron disease \[[@B7]\].

There is a paucity of clinical studies on FTD in Asia. The National Neuroscience Institute in Singapore is a tertiary center which receives referrals for cognitive impairment and dementia from both local and regional sources. A significant proportion of referred patients (27.7%) have young-onset dementia. FTD is the third leading cause of young-onset dementia after Alzheimer\'s disease (AD) and vascular dementia in our clinical database.

In this paper, we aim to characterize the profile of FTD in a Southeast Asian population. The demographics, cognitive symptoms, and longitudinal follow-up profiles are described and compared with published literature from North Asia and Western countries.

Methods {#sec1_2}
=======

Sample and Data Collection {#sec2_1}
--------------------------

A retrospective review of a prospective clinical database was performed. All FTD patients attending the dementia clinic between August 2008 and April 2012 were studied. Sources of referrals included general neurology clinics, psychiatry clinics, geriatric clinics, primary healthcare services, as well as general practitioners and specialists from both local and regional sources.

A chart review was performed to obtain data from clinical interviews and neurological examinations. Data from neuropsychological assessments including the Mini Mental State Examination (MMSE), Montreal Cognitive Assessment (MOCA), and frontal assessment battery (FAB) scales were obtained \[[@B8],[@B9],[@B10],[@B11],[@B12]\].

Neuroimaging \[magnetic resonance imaging (MRI)/computed tomography (CT) of the brain\] findings were also analyzed. The cerebral atrophy was rated visually by two independent assessors blinded to the subjects' clinical profile. Frontal lobe atrophy (FLA) was quantified using the global cortical atrophy scale (range 0--3), medial temporal atrophy (MTA) via the Scheltens scale (range 0--4), and white matter changes via the Fazekas scale (range 0--3) \[[@B13],[@B14],[@B15]\]. Fluorodeoxyglucose positron emission tomography (FDG-PET) imaging data wherever available were also collected.

FTD Diagnosis {#sec2_2}
-------------

FTD was diagnosed using the Lund-Manchester criteria \[[@B2]\]. FTD patients were divided into bv-FTD and lv-FTD subtypes. Subjects were excluded from the study if they had alternative diagnoses. These included chronic primary psychiatric disorders such as schizophrenia and personality disorders, neuroimaging with confounding diagnoses (normal pressure hydrocephalus, multi-territorial infarcts, space-occupying lesions), and central nervous system infections including neurosyphilis and HIV infection.

Standard Patient Consent {#sec2_3}
------------------------

Informed consent was obtained from participants or their legal guardians for their data to be included in the database as per institutional ethics board requirements.

Results {#sec1_3}
=======

Demographics {#sec2_4}
------------

A total of 44 FTD patients were identified during the study period. Their baseline demographics are shown in table [1](#T1){ref-type="table"}. Twenty-four (54.5%) of the referrals to our dementia clinic were from primary healthcare clinics, with the rest coming from general neurology clinics (15.9%), geriatric memory clinics (15.9%), and psychiatry clinics (13.6%).

Other than patients from Singapore, there were also FTD patients from Malaysia, Indonesia, Philippines, and Vietnam. The mean age at diagnosis of FTD was 58.9 years, with a 2:1 female predominance. Thirty-three subjects (75%) were Chinese, 3 (6.8%) were Malays, 5 were Indians (11.4%), and 3 were of other races (6.8%). Six subjects (13.6%) had a positive family history of dementia in a first-degree relative. There were 25 bv-FTD and 19 lv-FTD subjects. Within the lv-FTD group, 17 had PNFA and 2 had SD. Amongst the FTD subjects, 3 had FTD and corticobasal syndrome, and 1 had FTD and motor neuron disease.

The bv-FTD subjects suffered the longest duration of symptoms (41.4 months) before the diagnosis of FTD was made. In contrast, the lv-FTD group had significantly shorter symptom duration prior to diagnosis (24.2 months). The delay to diagnosis in bv-FTD subjects was likely caused by a high percentage of subjects (56.0%) being initially misdiagnosed as having a primary psychiatric disorder due to their behavioral and personality changes.

Clinical Symptoms {#sec2_5}
-----------------

The symptoms of FTD subjects at the time of first assessment at the dementia clinic can be found in table [2](#T2){ref-type="table"}, detailing the range of symptoms manifested over the follow-up period. The mean duration of follow-up from time of FTD diagnosis was 2.4 years.

Executive dysfunction (95.4%) and memory symptoms (88.6%) were significant features in all our FTD subjects. By the time of presentation, all previously employed subjects were no longer working or had opted for early retirement. Memory complaints, when present, were mostly related to poor working memory. Visuospatial dysfunction was a prominent symptom with 52% of patients having gotten lost in unfamiliar places. However, some preserved their abilities to take public transportation.

All 25 bv-FTD subjects demonstrated core features of personality change and early decline in social and interpersonal conduct with loss of insight into their condition. Those who became disinhibited (64.0%) usually showed unaccustomed public nudity or public incontinence, conducted acts of public theft, or became over-friendly or aggressive to strangers and family members. Eight patients (32.0%) developed food cravings, and 9 (36.0%) developed persecutory delusions. Mental rigidity was strongly featured, with 22 patients (88%) demonstrating perseveration of lone activities, for example, cooking the same food or travelling to the same destination daily. A subset also showed obsessive traits such as repetitive hand washing and hair trimming. Twelve patients (48.0%) reported feeling apathetic or sad with persistence of mood symptoms despite treatment with antidepressants.

Among the 19 subjects with lv-FTD, word finding difficulty was a prominent symptom (89.5%). Subjects often had difficulty expressing themselves and constructed increasingly hesitant, shorter, and ungrammatical sentences alongside reduced sentence comprehension. Eleven out of 17 PNFA subjects (64.7%) had limb apraxia in contrast with 9 out of 25 patients (36.0%) in the bv-FTD group, this higher incidence possibly reflecting PNFA as an inherent tauopathy.

Cognitive Scores {#sec2_6}
----------------

Three subjects in the bv-FTD group and 2 in the lv-FTD group could not undergo neuropsychological evaluation due to severe behavioral changes and mutism, respectively. The mean MMSE score was 16.1 for bv-FTD and 16.2 for lv-FTD subjects. The corresponding FAB scores were 11.3 and 9.8, respectively. On the MOCA, bv-FTD subjects had a mean score of 15.9 and lv-FTD subjects had a mean score of 16.8.

Neuroimaging {#sec2_7}
------------

Thirty-eight FTD patients underwent MRI scans, with the remaining 6 receiving CT scans. All 38 patients with MRI demonstrated a varying degree of FLA, and 35 patients also demonstrated concomitant MTA. The mean total FLA score was 3.51 (the maximum score is 6), and the mean bilateral MTA score was 2.09 (the maximum score is 8) across all FTD subjects. Both bv-FTD and lv-FTD subjects had comparable FLA and MTA scores. None of the subjects had significant white matter changes (mean Fazekas score 0.44 out of a maximum of 3).

Nine patients had (FDG)-PET scans which demonstrated frontotemporal hypometabolism. A further 2 lv-FTD subjects underwent MRI SPECT scans, which demonstrated reduced perfusion in the left frontal and left temporal lobes.

Longitudinal Follow-Up and Prognosis {#sec2_8}
------------------------------------

During the longitudinal follow-up, a significant percentage of patients developed mixed behavioral and language symptoms (fig. [1](#F1){ref-type="fig"}). Among the bv-FTD subjects, 15 (60.0%) went on to develop features of PNFA or SD, and 7 (28.0%) eventually became mute. Among the PNFA subjects, 7 (36.8%) went on to develop behavioral changes similar to bv-FTD, and 2 (10.5%) developed late-stage mutism. The 2 SD patients in the study remained pure SD subtypes.

Discussion {#sec1_4}
==========

The demographic and clinical profiles of FTD patients in Southeast Asia are consistent with the existing literature. Similar to North Asian and Western studies, bv-FTD is the predominant type of FTD among Southeast Asians (table [3](#T3){ref-type="table"}). The female predominance among our FTD patients is comparable to the report from Japan, but far higher compared to reports from China and other Western countries \[[@B16],[@B17],[@B18],[@B19],[@B20]\]. The age of onset of FTD among Southeast Asians is consistent with reports from China and Western countries. The mean MMSE score at presentation is comparable to that in the Japanese study but lower than that in the Western studies. This observation may reflect the late presentation to medical attention related to lower awareness of FTD symptoms and lower literacy rates in Southeast Asia.

In our study, 60% of bv-FTD patients developed an lv-FTD syndrome within 8 years of presentation, and 36.8% of lv-FTD patients developed a bv-FTD syndrome within the same time frame. In a previous report by Kertesz et al. \[[@B6]\], 68.7% of their bv-FTD patients developed lv-FTD and 31.8% of their lv-FTD patients developed bv-FTD as a second syndrome. The findings from both studies are highly consistent suggesting that about 2/3 of FTD patients who initially present with frontal behavioral changes will go on to develop language deficits. Similarly, about 1/3 of both Asian and Western lv-FTD patients will go on to develop frontal behavioral changes during the course of their disease.

Memory dysfunction was a significant finding in the majority of our FTD subjects and deserves special mention. It was a reported symptom in 24 out of 44 (54.5%) FTD referrals, alongside behavioral changes and language difficulties. On detailed history taking, memory dysfunction was present in 39 out of 44 (88.6%) FTD subjects. Although never the core symptom, FTD subjects were often reported to misplace items, forget names, or engage in repetitive questioning as a result of memory disturbance. A relative sparing of episodic memory in FTD has always been part of the differentiating core feature from AD and forms part of its diagnostic criteria. However, studies have shown that some patients with otherwise typical FTD can be amnestic from presentation, or even develop memory deficits in bv-FTD similar to early AD \[[@B21],[@B22]\]. A recent review by Hornberger and Piguet \[[@B23]\] argued for a reevaluation of the importance of memory disturbance in the clinical diagnosis of FTD, in light of supportive evidence pointing towards impairment of episodic memory, especially in bv-FTD. Indeed, we support the notion that overreliance on the absence of memory complaints as an inclusion criteria for the diagnosis of FTD may lead to an underdiagnosis of this condition. Among the behavioral symptoms, disturbance in social awareness, disinhibited behavior, and apathy predominate \[[@B24]\].

A combination of a global cognitive screening tool such as the MMSE, combined with a test of executive function such as the FAB, is useful in the screening for FTD. Eighty-one percent of our FTD patients had a MMSE score of \<24, and 97.7% had combined scores below normal values when both MMSE and FAB (score \<12) tests were applied.

The portrayal of FTD as a clinically heterogeneous dementia syndrome is emphasized by our study, with 22 (50%) subjects developing significant bv- and lv-FTD symptom overlap during the course of their disease. The overlap in symptomatology between bv-FTD and lv-FTD was previously described by Snowden et al. \[[@B25]\].

Across the board, FTD remains a disease which is diagnosed late, with duration of symptom-to-diagnosis ranging from 2.7 to 9.1 years. By the time of diagnosis, most patients have cognitive scores in the dementia range. Clearly, there is an urgent need not only in developing treatment-related strategies of FTD, but also in early diagnosis through public awareness and new biomarkers.
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###### 

Baseline demographics of FTD subjects

                                                                   bv-FTD (n = 25)   lv-FTD (n = 19)
  ---------------------------------------------------------------- ----------------- -----------------
  Referral source, n (%)                                                             
   Primary healthcare                                              13 (52)           11 (58)
   Neurology clinics                                               5 (20)            2 (11)
   Geriatric clinics                                               2 (8)             5 (26)
   Psychiatry clinics                                              5 (20)            1 (5)
  Male gender, n (%)                                               9 (36)            5 (26)
  Mean duration of education ± SD, years                           10.6 ± 5.7        10.9 ± 4.9
  Race, n (%)                                                                        
   Chinese                                                         18 (72)           15 (79)
   Malay                                                           1 (4)             2 (11)
   Indian                                                          3 (12)            2 (11)
   Others                                                          3 (12)            0
  Mean age at diagnosis ± SD, years                                58.5 ± 8.4        59.2 ±7.5
  Mean duration of symptoms before diagnosis of FTD ± SD, months   41.4 ± 31.6       24.2 ± 14.3
  Initial diagnosis at referring source, n (%)                                       
   FTD                                                             3 (12)            11 (58)
   Psychiatric disorder                                            14 (56)           4 (21)
   AD                                                              5 (20)            2 (11)
   Vascular dementia                                               0                 1 (5)
   Encephalopathy                                                  3 (12)            1 (5)
  Family history of dementia, n/total n (%)                        4/25 (16)         2/19 (11)

###### 

Symptomatology of FTD subjects

                                    bv-FTD (n = 25)   lv-FTD (n = 19)
  --------------------------------- ----------------- -----------------
  Executive impairment, n (%)       25 (100)          17 (89)
  Visuospatial disturbance, n (%)   13 (52)           9 (47)
  Memory complaint, n (%)           23 (92)           16 (84)
  Loss of insight, n (%)            24 (96)           12 (63)
  Behavioral symptoms, n (%)                          
   Loss of social awareness         24 (96)           9 (47)
   Loss of personal awareness       23 (92)           7 (37)
   Disinhibition                    16 (64)           7 (37)
   Apathy                           11 (44)           8 (42)
   Stereotypic behavior             5 (20)            2 (11)
   Mental rigidity                  22 (88)           5 (26)
   Depression                       12 (48)           8 (42)
   Aggression                       13 (52)           1 (5)
   Delusion/hallucination           9 (36)            1 (5)
   Hyperorality                     8 (32)            0 (0)
   Hyperreligiosity                 2 (8)             1 (5)
  Language symptoms, n (%)                            
   Word finding difficulty          10 (40)           17 (89)
   Paraphasia                       7 (28)            6 (32)
   Echolalia                        2 (8)             2 (11)
   Impaired comprehension           9 (36)            5 (26)
   Loss of semantic knowledge       8 (32)            4 (21)
   Mutism                           8 (32)            8 (42)
  Apraxia, n (%)                    9 (35)            12 (63)
  Agnosia, n (%)                    10 (40)           5 (26)
  Akinesia, n (%)                   4 (16)            4 (21)
  Rigidity, n (%)                   6 (24)            7 (37)
  Pyramidal signs, n (%)            2 (8)             1 (5)

###### 

FTD profile across different countries

                                                 Singapore: current study   Japan: Hokoishi et al., 2001 \[[@B16]\]   China: Ren et al., 2012 \[[@B17]\]   Australia and UK: Piguet et al., 2011 \[[@B18]\]   USA: Johnson et al., 2005 \[[@B19]\]   Greece: Ioannidis et al., 2012 \[[@B20]\]
  ---------------------------------------------- -------------------------- ----------------------------------------- ------------------------------------ -------------------------------------------------- -------------------------------------- -------------------------------------------
  bv-FTD                                         25                         16                                        35                                   13                                                 200                                    111
  lv-FTD                                         19                         8                                         14                                   8                                                  153                                    83
  Male, %                                        31.8                       37.5                                      51.0                                 52.4                                               56.4                                   50
  Mean age at onset (range), years               56 (33--71)                68 (51.4--83.4)                           58                                   60 (42--70)                                        59.9 (35--80)                          65 (40--79)
  Mean duration of symptom-to-diagnosis, years   2.7                        3.4                                       NA                                   9.1                                                NA                                     2.9
  Mean MMSE score                                16.2                       16.6                                      14.7                                 NA                                                 22.2                                   NA
  Mean duration of education, years              10.8                       NA                                        NA                                   NA                                                 14.8                                   NA
  Family history of dementia, %                  13.6                       None                                      bv-FTD 20, lv-FTD 0                  None                                               NA                                     4.3
